number of electronic screen devices available in the child's bedroom would each be associated with poorer health outcomes.
METHODS Participants
The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) is a multi-national, cross-sectional study conducted in 12 countries. More details on the study design and methods can be found elsewhere. 13 The current study analyzed data from the Canadian ISCOLE site. Data were collected in 26 Ottawa (Ontario) schools on 567 children in the 5 th grade (57.1% female; 9-11 years of age) between September 2012 and May 2013. Schools were stratified into four groups: English Public (n=393), French Public (n=60), English Catholic (n=75) and French Catholic (n=39). All schools within each stratum were invited to participate, and the first ones to respond were included in the study (first come first serve), in agreement with the rules of our research ethics boards. The response rate was 50% (children with consent to participate divided by envelopes distributed). This project was approved by the Research Ethics Board at the Children's Hospital of Eastern Ontario and the participating school boards. Written informed parental consent and child assent were obtained for all participants.
Screens in children's bedrooms
The presence of electronic screen devices in children's bedrooms was parent-reported using a neighbourhood and home environment questionnaire. The parents/guardians were asked to indicate whether the following were in their child's bedroom: 1) TV, 2) computer, 3) video game system (non-hand-held; Playstation, Xbox, etc.). The answer options for each item were "yes" or "no", and the presence of screens in children's bedrooms was treated as a dichotomous variable in the analyses. There were only five missing answers for this question; therefore, children with incomplete data were removed from the analyses.
Assessment of adiposity
A variety of anthropometric measurements were taken according to standardized procedures by trained study staff in schools during school hours. 13 Body weight and percent body fat (% BF) were measured using a portable Tanita SC-240 Body Composition Analyzer (Tanita: Arlington Heights, IL) after removal of all outer clothing, heavy pocket items, shoes and socks. Two measurements were obtained, and the average was used in analysis (a third measurement was obtained if the first two measurements were more than 0.5 kg or 2.0% apart, for body weight and % BF respectively, and the closest two were averaged for analysis). The Tanita SC-240 showed acceptable accuracy for estimating % BF when compared with dual-energy X-ray absorptiometry, supporting its use in field studies. 14 
Assessment of physical activity, sedentary behaviour and sleep
The Actigraph GT3X+ accelerometer (ActiGraph LLC: Pensacola, FL) was used to objectively monitor physical activity, sedentary behaviour and sleep. 13 Children wore the device on a belt around the waist at the right mid-axillary line 24 hours per day for 7 consecutive days. Children were asked to remove the device only for aquatic activities and showering/bathing. Study staff instructed children on how to wear the device and conducted an in-person compliance check 2-4 days after initialization to ensure that the child was following the accelerometer wear protocol. In addition, two compliance phone calls (one weekday and one weekend day) were made to the parents/guardians to ensure that the device was being worn properly and to answer any questions about it. A valid recording for determining physical activity averages required at least 4 days (including at least 1 weekend day) of at least 10 hours of wake/wear time per day. 16, 17 Data were collected at a sampling rate of 80 Hz, downloaded in 1-second epochs, and were aggregated to 15-second epochs. 18 Moderate-tovigorous physical activity (MVPA) was defined as all minutes showing ≥2,296 counts per minute and total sedentary time as all minutes showing <100 counts per minute, consistent with widely used cut-offs. 18 Sleep duration and sleep efficiency measures were obtained with the use of a fully automated algorithm for 24-h waist-worn accelerometers, which was recently validated for ISCOLE. 19 Sleep efficiency is defined as the percentage of total sleep time divided by the total time in bed. The weekly sleep averages were calculated using only days on which valid sleep was accumulated (total sleep >0 min) and only for participants with at least 3 nights of valid sleep, including a weekend day. A total of 60 children did not provide valid accelerometry data and were excluded from the analyses; thus, 502 children were included in the current cross-sectional analytical sample. Descriptive characteristics of participants with incomplete accelerometer data were not significantly different from those included in the current analyses.
We also collected information about screen time to explore whether the presence of electronic screens in the bedroom was associated with total screen time. Daily screen time was assessed according to the child's report of time spent watching television, playing video/computer games or using a computer for something not school-work-related on weekdays and weekend days, and an aggregated weighted mean score over the 7 days was computed. 13 Self-report methods of quantifying screen time have been reported to have acceptable reliability and validity in children. 20 
Covariates
Demographic questionnaires completed by parents were used to determine children's age, sex, ethnicity (White/Caucasian, African American, Asian, First Nations, East Indian, "don't know" or "other"), total annual family income (eight options ranging from less than $14,999 to $140,000 or more) and the highest level of parental education (six options: less than high school, some high school, high school diploma/GED [General Educational Development test], diploma or 1-3 years of college, bachelor's degree or graduate degree [master's or e274 REVUE CANADIENNE DE SANTÉ PUBLIQUE • VOL. 105, NO. 4
PhD/professional degree]). Biological maturity was estimated using the maturity offset method, which estimates an individual's age from peak height velocity. 21 These variables were collected to provide descriptive characteristics of participants and to be used as covariates in the analyses. However, we decided not to include biological maturity in the models, given that this variable was not associated with the exposure or outcome.
Statistical analysis
The descriptive characteristics of children having "no screen", "1 screen" and "2-3 screens" (we decided to combine 2 and 3 screens together to maintain statistical power) in their bedroom were compared by analysis of variance (ANOVA) with continuous data and by a chi-squared test for categorical data. A Tukey post-hoc test was also used to contrast mean differences. Furthermore, an analysis of covariance (ANCOVA), followed by a Tukey post-hoc test, was used to compare means of adiposity, MVPA, total sedentary time, screen time, sleep duration and sleep efficiency of children according to the number of screens in their bedroom. Models included age, sex, ethnicity, annual household income and highest level of parental education as covariates. Finally, an ANCOVA was also used to compare the above-mentioned variables according to the type of screen available in children's bedrooms. Models included the same covariates. Comparisons with the presence of a video game system in the bedroom were not possible because only five children had a video game system only in their bedroom.
Thus, comparisons with the type of screen available in the bedroom were with either a TV or a computer. Multi-level modeling was applied to take into account clustering of children in schools to avoid biased estimates of standard deviations. A 2-tailed p value of less than 0.05 was considered to indicate statistical significance. All statistical analyses were performed using JMP version 11 (SAS Institute: Cary, NC) and SPSS version 21 (IBM: Armonk, NY).
RESULTS
There was no statistically significant sex interaction between screens in children's bedroom and the outcome variables, therefore data for both sexes were pooled to maximize power. Descriptive characteristics of the sample according to the number of screens available in the bedroom are shown in Table 1 . Children with 2-3 screens in their bedroom were less likely to be White/Caucasian, were more obese and had a lower socio-economic status. No differences were found between boys and girls with regard to the number of screens in their bedroom.
As shown in Figure 1 , children with 2-3 screens in their bedroom had a higher % BF than children with no screen. A similar pattern was observed with other adiposity indicators, such as waist circumference and BMI z-score (data not shown). However, while children with 2-3 electronic screen devices in their bedroom spent more time on screen time activities during the day than those with no screen, total sedentary time and MVPA were not significantly different. Finally, sleep duration was not associated with the number of screens in children's bedrooms, although sleep efficiency was significantly lower in children with at least 2 screens in the bedroom (but not with 1 screen). The % BF of children according to the type of screen in the bedroom is shown in Figure 2 . The adiposity of children having only a TV in their bedroom was 4 percentage points higher than those having no screen in their bedroom. In contrast, the presence of a computer in children's bedrooms was not associated with a higher adiposity than no screen at all. Differences with other outcome variables (e.g., MVPA, total sedentary time, screen time, sleep duration and sleep efficiency) were not significantly different.
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Figure 1.
Adiposity level (A), moderate-to vigorous-intensity physical activity (MVPA) (B), total sedentary time (C), screen time (D), sleep duration (E) and sleep efficiency (F) of children according to the number of screens in their bedroom.
Data are presented as means±SD. Screens in children's bedrooms were either a TV, a computer or a video game system. Comparisons were assessed by ANCOVA, followed by a Tukey post-hoc test to determine which groups were significantly different. The model was adjusted for age, sex, ethnicity, annual household income and highest level of parental education. * p<0.05 vs. no screen in the bedroom; † p<0.05 vs. 1 screen in the bedroom. n=385 (no screen), n=74 (1 screen) and n=43 (2-3 screens). 
DISCUSSION
Collectively, a higher number of screens in a child's bedroom is associated with a higher % BF but not with lower levels of MVPA or total sedentary time. Additionally, we observed that sleep duration was not related to the number of screens in children's bedrooms, although sleep efficiency was significantly lower with the presence of 2 or more screens. Finally, our findings suggest that having a TV in the bedroom is the type of electronic device presence that is more strongly associated with a higher level of adiposity. Thus, our results reinforce the idea that screens, particularly TVs, should not be placed in a child's bedroom. Our results agree with previous investigations showing that the presence of TV in children's bedrooms is associated with increased risk of excess body weight. [4] [5] [6] 22 However, previous studies have focused on TV only, and the current study is the first to suggest that the presence of computers in the bedrooms may not be as important as the presence of a TV in its association with adiposity. Although replication studies will be needed to confirm this observation, it is nevertheless interesting and intriguing. For example, studies consistently show that TV viewing promotes overconsumption of food, while results of studies linking computer use with food intake are mixed. [23] [24] [25] Although speculative, increased food intake associated with TV viewing may be a plausible explanation for its relationship to excess body fat.
The observation that screens in children's bedrooms were not associated with objectively measured MVPA and total sedentary time is contrary to some previous findings 6, 26 but in agreement with others. 8, 27 Conflicting findings in this area may be in part explained by the large inter-individual variation and the fact that such an "unhealthy" behaviour may be compensated for by other healthier behaviours to maintain energy balance and body weight control.
The finding that sleep duration was not shorter with the presence of electronic screen devices in the child's bedroom is not in line with some previous studies. 3, 6, 11, 28 For example, Nuutinen et al. 29 showed that the presence of electronic media in children's bedrooms may reduce sleep duration and delay bedtimes. However, not all of the studies have reported similar associations between, for instance, TV viewing and shorter sleep durations. [30] [31] [32] In contrast, the fact that screen exposure may increase sleep disturbances is more recognized. Electronic media use may increase physiological and mental arousal, making it more difficult to fall asleep. 33 Computer use and TV viewing may also affect sleep architecture by decreasing slow-wave sleep, REM sleep and sleep efficiency, 33,34 and the bright light of screens has been shown to suppress melatonin secretion, which may delay sleep onset. 35 What is novel, however, in the current study is the observation that sleep efficiency is not lower with the presence of only one screen in the child's bedroom. Although more studies will be needed to clarify this issue, the message in the meantime should be the same, i.e., to keep electronic screen devices out of children's bedrooms.
Newer evidence is also indicating bidirectional relationships between insufficient sleep and screen time in children, suggesting that lack of sleep and media use could be interacting problems, particularly for children from lower socio-economic households. 36 These are important issues to consider given that both insufficient sleep and screen time predict adverse health outcomes in childhood. 37, 38 Future research should try to understand how best to support parents and caregivers in implementing and sustaining good sleep hygiene and TV-free bedrooms for their children. Recent results from a randomized trial are promising and show that promoting household routines, particularly increasing sleep duration and reducing TV viewing, may be an effective approach to reduce BMI among low-income, racial/ethnic minority children. 39 A recent study has shown that having a bedroom TV was a significant predictor of weight gain beyond the effect of TV viewing time and socio-economic factors in a nationally representative sample of US children and adolescents. 22 The authors suggested that the association may be the result of uncaptured effects of TV viewing, such as food advertising or of disrupted sleep patterns. With the high proportion of children watching TV in their bedrooms, the effect attributable to this risk factor among US children and adolescents was calculated to be an excess weight of 8.7 million kilograms per year. 22 From a public health standpoint, it is thus important to better understand how best to support parents and caregivers in implementing and sustaining TV-free bedrooms for their children and adolescents. Furthermore, public health promotion strategies might need to adapt to the rapidly evolving media landscape to improve the success of interventions.
The strengths of this study include objectively assessed sleep and physical activity using a 24-h protocol in a population-based sample of children. Additionally, we have broadened the investigation of media use in the bedroom beyond only TV access to include other electronic screen devices such as computers and video games. However, our results need to be interpreted in light of the following limitations. First, the direction of causality cannot be determined from cross-sectional data. Second, the Type of screen in the bedroom media landscape for children is changing rapidly, and future studies should examine whether other types of electronic screen devices, such as smartphones or tablets, are also associated with adverse health indicators. Third, the presence of screens in children's bedrooms was reported by the parents in a questionnaire, and misclassification and/or inaccurate information is always a possibility with self-reported data. Fourth, the sampling strategy used resulted in a skewed sample towards higher socio-economic backgrounds. Therefore, the current study's cohort of children is not well suited for the integration of socio-economic status into the research questions (low inter-individual variability). Finally, the external generalizability of these findings may be mainly restricted to Canadian children from the Ottawa area.
In conclusion, the current study provides evidence that a higher number of screens in children's bedrooms is associated with higher adiposity, more total screen time and lower sleep efficiency. Furthermore, we observed that the presence of a TV in the bedroom appears to be the type of screen presence associated with higher levels of adiposity. Our findings further support the need to remove screens (especially TV) from children's bedrooms as a means to promote good sleep hygiene and prevent excess body weight in children.
MÉTHODES : Une étude transversale a été réalisée auprès de 502 enfants âgés entre 9 et 11 ans provenant de la région d'Ottawa (Ontario). La présence (oui/non) d'un téléviseur, d'un ordinateur ou d'un jeu vidéo dans la chambre à coucher de l'enfant a été rapportée par les parents. Le pourcentage de graisse corporelle a été mesuré par impédance bioélectrique. Un accéléromètre a été porté sur une période de sept jours afin d'évaluer l'activité physique d'intensité moyenne à élevée, le temps sédentaire total, la durée ainsi que la qualité du sommeil.
RÉSULTATS :
Après ajustement statistique pour l'âge, le sexe, l'ethnicité, le revenu familial annuel et le niveau d'éducation parental, les enfants qui avaient 2 ou 3 écrans dans leur chambre à coucher avaient un pourcentage de gras significativement plus élevé que les enfants n'ayant aucun écran dans leur chambre à coucher. Alors que les enfants ayant 2 à 3 écrans dans leur chambre à coucher s'adonnaient à plus de temps écran total que ceux n'ayant pas d'écran, le temps sédentaire total et l'activité physique d'intensité moyenne à élevée n'étaient pas différentes entre les deux groupes. La durée du sommeil n'était pas reliée au nombre d'écrans dans la chambre à coucher alors que la qualité du sommeil était significativement moins bonne chez les enfants ayant au moins 2 écrans dans leur chambre à coucher. Finalement, les enfants ayant seulement un téléviseur dans leur chambre à coucher avaient une adiposité significativement plus élevée en comparaison à ceux qui n'avaient pas d'écrans du tout. Par contraste, la présence d'un ordinateur dans la chambre à coucher des enfants n'était pas associée avec une adiposité plus élevée.
CONCLUSIONS :
Un nombre plus élevé d'écrans dans la chambre à coucher des enfants est associé à une adiposité plus importante, davantage de temps écran total et une qualité de sommeil moins bonne. Avoir un téléviseur dans la chambre à coucher des enfants semble être le type de présence d'écran associé avec les niveaux d'adiposité les plus élevés. Étant donné la popularité des écrans chez les enfants, ces résultats sont d'une importance grandissante pour la formulation de stratégies de promotion en santé publique. 
